Because of their extensive wounds, burn patients are chronically exposed to inflammatory mediators. Thus, burn patients, by definition, already have "systemic inflammatory response syndrome." Current definitions for sepsis and infection have many criteria (fever, tachycardia, tachypnea, leukocytosis) that are routinely found in patients with extensive burns, making these current definitions less applicable to the burn population. Large burns (Ͼ20% total body surface area) lead to the most profound response to injury. Hypermetabolism developing after burn injury leads to an increase in caloric needs that may double normal resting energy expenditure. No other injury or illness approaches this degree of perturbation. As in other critical illnesses, burn patients are at high risk for infection and sepsis. The major cause of death, if the burn patient survives the first 24 hours, is multiple
Because of their extensive wounds, burn patients are chronically exposed to inflammatory mediators. Thus, burn patients, by definition, already have "systemic inflammatory response syndrome." Current definitions for sepsis and infection have many criteria (fever, tachycardia, tachypnea, leukocytosis) that are routinely found in patients with extensive burns, making these current definitions less applicable to the burn population. Experts in burn care and research, all members of the American Burn Association, were asked to review the literature and prepare a potential definition on one topic related to sepsis or infection in burn patients. On January 20, 2007, the participants met in Tucson, Arizona to develop consensus for these definitions. After review of the definitions, a summary of the proceedings was prepared. The goal of the consensus conference was to develop and publish standardized definitions for sepsis and infection-related diagnoses in the burn population. Large burns (Ͼ20% total body surface area) lead to the most profound response to injury. Hypermetabolism developing after burn injury leads to an increase in caloric needs that may double normal resting energy expenditure. No other injury or illness approaches this degree of perturbation. As in other critical illnesses, burn patients are at high risk for infection and sepsis. The major cause of death, if the burn patient survives the first 24 hours, is multiple organ dysfunction syndrome (MODS) . There are excellent criteria for the diagnosis of infection and sepsis in most patients, but the standard diagnoses for infection and sepsis really do not apply to burn patients. Burn patients lose their primary barrier to microorganism invasion so they are constantly and chronically exposed to the environment. In response to this exposure, inflammatory mediators that change the baseline metabolic profile of the burn patient are continuously released. The baseline temperature is reset to about 38.5°C, and tachycardia and tachypnea persist for months in patients with extensive burns. Continuous exposure leads to significant changes in the white blood cell (WBC) count, making leukocytosis a poor indicator of sepsis. Burn physicians have learned to use other clues as signs of infection or sepsis, such as increased fluid requirements, dropping platelet counts, altered mental status, worsening pulmonary status, and impaired renal function. So, although excellent standards exist for other diagnoses, standardized definitions for infection and sepsis in burn patients have never been developed.
A major method of standardizing definitions has been through Consensus Conferences. Members of the American Burn Association realized that standardized definitions were required for burn patients. As the American Burn Association has developed a Multicenter Studies Group with a goal of creating level-one evidence for treating burns, it became clear that standardized definitions would be necessary to ensure uniformity in patient accrual in these studies. Since most burn patients fit the current criteria for having systemic inflammatory response syndrome (SIRS) throughout their hospital stay, different definitions would need to be developed for burns. This requirement is reinforced by the fact that most trials dealing with sepsis have eliminated or minimized burns via their inclusion criteria. Consequently, a Consensus Conference to Define Sepsis and Infection in Burns took place on January 20, 2007 in Tucson, Arizona, where several experts in the management or research of burns met to define sepsis and infection in burns. The results of these proceedings are recorded in this review.
METHODS
The Consensus Conference was modeled after similar such conferences reported by the Society of Critical Care Medicine. [1] [2] [3] [4] The lead author (D.G.G.) chose 23 experts in the field of burn care and/or research as rapporteurs. Two rapporteurs were assigned to review the current literature of each of the listed topics (see below). They were also encouraged to seek any advice or opinions of other experts in the field. The rapporteurs were asked to send a brief definition (to D.G.G.) before the meeting for placement on a PowerPoint presentation. All members then met on January 20, 2007 , in Tucson, Arizona. This brief definition was presented to the experts for discussion. The definition was then adjusted until consensus was met. The final version of the definition was then sent to each rapporteur to create a brief rationalization for that definition. All members of the team could also make suggestions for revisions during this time. All of the definitions and rationalizations were then collated and placed in a manuscript for review by all participants. The final version is presented here.
Consensus Conference Summary of Burn Sepsis and Infection Definitions

Systemic Inflammatory Response Syndrome
Patients with large burns are in a state of chronic systemic inflammatory stimulation; therefore, SIRS is of little value as a discriminating diagnosis in burns. SIRS should not be applied to burn patients.
Rationalization. The term "SIRS" stands for "Systemic Inflammatory Response Syndrome." The concept was developed as a result of studies in the 1980s demonstrating that postinjury MODS resulted from an exaggerated and dysfunctional perturbation of the normal and beneficial inflammatory response to injury which can precede sepsis, and/or exist in the absence of infectious causes. 5 SIRS can vary in severity depending on several factors, including the magnitude and duration of initial tissue injury and shock, and host response factors which are partially determined by genetic variations in the magnitude of inflammation. This proinflammatory state initiates a corresponding counter-anti-inflammatory response syndrome, which is associated with immune suppression and predisposition to infection. 6 The current definition of SIRS was created by a consensus conference of critical-care and trauma physicians more than a decade ago.
1 SIRS is considered to be present when a patient demonstrates two or more of the following:
1. Temperature above 38°C or below 36°C. 2. Heart rate Ͼ90 beats per minute (bpm). 3. Respiratory rate Ͼ20/min or maintenance of PaCO 2 Ͻ32 mm Hg. 4. WBC count Ͼ12,000/mm 3 or Ͻ4,000/mm tion in clinical practice, 7 and this is particularly true in burn patients. These issues include:
1. The definition is so inclusive as to be meaningless. SIRS describes minor perturbations in physiology, which occur extremely frequently in trauma patients even in the absence of infection. As such, the definition has been widely criticized as being far too inclusive and nonspecific. 2, 8 In some studies, SIRS criteria were documented in well over half of intensive care unit (ICU) and trauma admissions, having no correlation with outcome, 9,10 whereas other studies have found that the magnitude of SIRS at admission and over time is associated with increased morbidity and mortality in trauma patients. 11, 12 Burn patients have never been systematically evaluated, but almost all patients with moderate to major burn injuries undoubtedly manifest SIRS. No studies of the epidemiology and time-course manifestations of SIRS in burn patients have been performed.
When should SIRS be defined? A transient man-
ifestation of SIRS is part of the normal stress response and may have no predictive value in burns. Persistence of SIRS for Ն3 days was associated with a significantly increased risk of MODS and mortality in trauma patients, 13 while persistence of SIRS was found to be characteristic of burn patients who ultimately died.
14 However, the hypermetabolism of burn injury results from both hormonal and inflammatory influences 15 ; even after acute inflammation has subsided, persistence of tachycardia and increased metabolic demands persist for days to weeks even in the absence of clinical complications or infections. No study has demonstrated that there is a time point in the course after burn at which SIRS criteria become clinically valuable. 3. SIRS does not reflect the severity of the disease process. In critically ill populations, SIRS criteria have been used to develop other measurements of inflammation and organ dysfunction, including Acute Physiology and Chronic Health Evaluation APACHE-II and APACHE-III. 16, 17 None of these scoring systems have been validated in burn patients, who were specifically excluded from their development. In contrast, burns are uniquely quantifiable injuries; burn size has been repeatedly shown to correlate closely with every important clinical parameter in acute care. 18, 19 Table 2) . 4 This conference increased the temperature component of SIRS to 38.5°C, defined age groups for pediatric patients, and specified vital sign values to establish a diagnosis of SIRS for a number of age groups. However, these definitions remain as irrelevant to pediatric burn patients as do those in adults, and are equally inclusive. Children are more susceptible to alterations in vital signs due to stress, fear, pain, and environmental factors, which may further obviate these criteria in children. Alternative Definitions for SIRS. In recent years, a number of markers of shock and inflammation have been identified which could be useful in defining ongoing inflammation. During acute resuscitation, the presence of a base deficit and/or lactic acidosis correlates with severity of injury and mortality in burn and trauma patients. 5, 21, 22 However, it remains unclear whether the absolute value of these abnormalities is as important as their persistence over time. The correlation of "oxygen debt" with outcome in a variety of ICU populations has stimulated interest in "goal-directed" resuscitation therapy. 23 However, while this remains an accepted technique in sepsis, 24 its value in the routine management of burn patients remains unproven, 25 and unquestionably this "goaldirected" approach requires far more fluid administration than predicted by the Parkland formula, with 26 A number of other biochemical markers of inflammation have also been correlated with outcome. These include C-reactive protein, 27 procalcitonin, 28 tumor necrosis factor-␣, 29 interleukin-6, and others. 30 -33 Many of these proteins are elevated early in the course of injury, and taper gradually over time; they are influenced by a number of metabolic events, and do not appear to correlate adequately with prognosis in burn patients. 34 At present, the efficacy of cytokine "profiles" to quantify systemic inflammation, or to diagnose sepsis in burn patients has not been proven. These markers are not routinely measured, and their interpretation remains unclear. It is likely that in the future the most likely use of these monitors may be in stratifying patients for clinical trials, and for defining more completely the variations in individual response to injury and infection.
Recommendation. The SIRS is a ubiquitous consequence of acute burn injury; the magnitude, time course, and significance of which remain undetermined. Current diagnostic criteria for SIRS are too nonspecific to be clinically useful in prognosis, or in stratifying burn patients for clinical trials. Modified criteria for defining SIRS in burns have been proposed; however, this approach mandates validation via an epidemiologic outcomes study utilizing SIRS scores in burn patients. Until such studies have been completed, routine use of SIRS in burn patients should be abandoned.
Sepsis
Sepsis is a change in the burn patient that triggers the concern for infection. It is a presumptive diagnosis where antibiotics are usually started and a search for a cause of infection should be initiated. While there is need for clinical interpretation, the diagnosis needs to be tied to the discovery of an infection (defined below). The definition is age-dependent with adjustments necessary for children.
The trigger includes at least three of the following:
I. Temperature Ͼ39°or Ͻ36.5°C II. Progressive tachycardia A. Adults Ͼ110 bpm B. Children Ͼ2 SD above age-specific norms (85% age-adjusted max heart rate) III. Progressive tachypnea A. Adults Ͼ25 bpm not ventilated i. Minute ventilation Ͼ12 l/min ventilated B. Children Ͼ2 SD above age-specific norms (85% age-adjusted max respiratory rate) IV. Thrombocytopenia (will not apply until 3 days after initial resuscitation) A. Adults Ͻ100,000/mcl B. Children Ͻ2 SD below age-specific norms V. Hyperglycemia (in the absence of pre-existing diabetes mellitus) A. Untreated plasma glucose Ͼ200 mg/dl or equivalent mM/L B. Insulin resistance-examples include i. Ͼ7 units of insulin/hr intravenous drip (adults) ii. Significant resistance to insulin (Ͼ25% increase in insulin requirements over 24 hours) VI. Inability to continue enteral feedings Ͼ24 hours A. Abdominal distension B. Enteral feeding intolerance (residual Ͼ150 ml/hr in children or two times feeding rate in adults) C. Uncontrollable diarrhea (Ͼ2500 ml/d for adults or Ͼ400 ml/d in children)
In addition, it is required that a documented infection (defined below) is identified A. Culture positive infection, or B. Pathologic tissue source identified, or C. Clinical response to antimicrobials Rationalization. Sepsis is one of the leading causes of morbidity and mortality in critically ill patients. Several consensus conferences have been held to define sepsis in critically ill adults and children. [1] [2] [3] [4] The applicability of these definitions to burn patients becomes problematic due to the altered metabolic, physiologic, and immunologic changes that accompany burn injury. These changes, such as increases in temperature, heart rate, respiratory rate, and blood pressure, would, by current guidelines, result in the diagnosis of sepsis in virtually all major burn injuries. The burn sepsis definition must therefore distinguish changes in patient status as the result of infection due to a microbial entity from the alterations secondary to the burn injury itself or associated events (such as inhalation injury).
Several of these global changes are based on the fact that patients with extensive burns develop a hypermetabolic state that surpasses that of any other patient group. It has been documented that the metabolic rate may approach twice that of the normal state. This hypermetabolic state persists for months after the burn wound has healed. As a manifestation of the hypermetabolic state, patients with large burns "reset" their baseline temperature to around 38.5°C. Therefore, fevers are not considered a sign of sepsis until they reach at least 39°C. Hypothermia, however, is as concerning to the burn doctor as for any other intensivist. The increased metabolism also leads to tachycar-dia and tachypnea. Therefore, higher values are required to initiate a workup for infection or sepsis.
Although burn surgeons aggressively attempt to close the burn wound, there are still large areas of open burns or unhealed split-thickness donor sites that contribute to the inflammatory response. As a manifestation of chronic wound exposure, leukocytosis is common and unreliable as an indicator of infection. Thrombocytopenia, however, has been documented to be a reliable sign of sepsis. 35 Due to the large fluid shifts after initial burn shock resuscitation, thrombocytopenia is frequently encountered at 24 to 48 hours after a major burn. At this time, thrombocytopenia is an indicator of hemodilution not sepsis. After approximately 3 days a dropping platelet count is a valuable sign of sepsis.
As for other patients, hyperglycemia, especially in the face of aggressive insulin treatment is a sign of sepsis. Similarly, an inability to tolerate enteral feedings is a common sign of sepsis. 36 Since most burn patients are aggressively supported with enteral nutrition, a change in tolerance is a warning sign to be heeded.
Finally, children have different set points in their vital signs so absolute numbers do not apply. We chose a change in two SD from normal as an indicator of sepsis. There are other indicators of sepsis that are documented in pediatrics that can be used as indicators of sepsis 4 (see appendix 1).
Severe Sepsis
The term severe sepsis is dropped. Rationalization. The term severe sepsis has traditionally been defined as sepsis plus MODS. It was the feeling of the committee that it is rare for a burn patient to have an intermediate phase between sepsis and septic shock. Burn patients are chronically expressing signs of SIRS and the focus of clinicians is to seek signs of change due to sepsis. Once sepsis has occurred there is rarely an intermediate step before the onset of signs of shock. Finally, there is no meaningful clinical difference between sepsis and severe sepsis-the term has no relevance for burn-related clinical trials.
Septic Shock
Septic Shock is "sepsis" (defined above) in addition to shock-like hemodynamic parameters defined in "Sepsis Bundles." [37] [38] [39] [40] We will not redefine those parameters.
Septic Shock is defined as persistent hypotension despite adequate fluid resuscitation and/or Lactate Ͼ4 mmol (36 mg/dl). The indicators of "adequate resuscitation" are described below:
I. Rationalization. It was feeling of the group that redefining the well-established parameters of shock that are already defined in "Sepsis Bundles" is unnecessary and unwise. Hemodynamic instability is similar irrespective of the cause. The definitions utilized in two key publications (Surviving Sepsis Campaign 37 and the 2001 Definitions on Sepsis 2 ) appear as references for the "Sepsis Bundles" documents. These definitions are supplied above.
Smoke Inhalation Injury
Smoke inhalation injury is restricted to injury below the glottis caused by products of combustion. The diagnosis requires both of the following:
I. History of exposure to products of combustion II. Bronchoscopy revealing one of the following below the glottis A. Evidence of carbonaceous material B. Signs of edema or ulceration
Rationalization. There are several types of inhalation injuries that occur after a burn injury. First, there is exposure to poisons such as carbon monoxide and cyanide. While these exposures are clinically relevant they clearly can occur in the absence of smoke inhalation injury below the glottis. Carbon monoxide poisoning is easily diagnosed by measuring carboxyhemoglobin levels. While elevated levels increase suspicion for smoke inhalation injury, both entities can occur independently of each other. The committee felt that smoke inhalation injury (damage from products of combustion below the glottis) should be considered separately.
In a similar light, upper airway and vocal cord injury may occur from exposure to heat or simply as a result of the typical body-wide edema that occurs after a major burn. Upper airway edema is also an important process that frequently requires endotracheal intubation to prevent loss of the airway. Because upper airway injury or swelling may occur in all types of burn injuries, including scalds, it needs to be differentiated from smoke inhalation injury.
There are other signs of smoke inhalation injury that are less reliable or more cumbersome. 41 Flame burns to the face may be associated with increased risk for inhalation injury but not all flame burns to the face result in inhalation injury. For instance, a propane explosion can cause a burn to the face but the exposure is extremely brief and the patient will not have any exposure to the products of combustion below the glottis. In terms of diagnostic tests, Xenon lung scans are diagnostically highly accurate 42 but they require special equipment or a trip to nuclear medicine. Because most units do not have portable equipment and a trip to the nuclear medicine department is cumbersome and potentially dangerous it is rarely performed. Thus, it was the decision of the group that the best and most reliable test should be bronchoscopy. The signs observed below the glottis that indicate smoke inhalation include carbonaceous material, edema, or ulceration. Erythema or carbon staining in the absence of evidence of other signs of injury is not an indicator smoke inhalation injury.
There was also discussion about inhalation injury severity scores. [43] [44] [45] There are several scores that have been developed and could have potential therapeutic efficacy. It was decided that creating an inhalation injury score would be of considerable value but is beyond the scope of this Consensus Conference. It was agreed, however, that a future Consensus Conference would be dedicated to an inhalation injury severity system.
Multiple Organ Dysfunction Syndrome
The committee decided to use the Marshall MODS Scoring System 46 (as modified by Cook 47 ) (Table 1 ) until a better system is found.
The MODS assessment should not be initiated until acute resuscitation is completed (approximately day 3).
Scores should grade the degree of organ failure over a spectrum of values.
Rationalization. In addition to the 2001 ACCP/ SCCM definition, 2 there are many other organ failure scoring systems which use a diverse number of definitions. In general, the scoring systems consist of those in which organ failure is considered to be present or absent, vs. those that use a grading system of organ dysfunction, in which worsening organ dysfunction creates a higher score. Other important differences among these scoring systems are that they evaluate 1) different criteria to define organ failure or organ dysfunction; 2) they use different organs; and 3) that some organ failure/dysfunction systems use the initial or early values, while others use the worst values obtained over the hospital course of the patient.
In the previously published major scoring systems none contained a significant number of burn patients. Additionally, there are relatively few published studies on MODS in burn patients, the number of patients enrolled is small and the definitions vary from study to study. Consequently, it is problematic to use 48 should be used. After discussion among the group, it was felt that the Marshall MODS scoring system should be used for now. The group also recommended that future efforts should be spent on modifying the Marshall MODS score based on findings of the "GLUE" Grant-"Inflammation and the Host Response to Injury" (a grant supported by the National Institute of General Medical Sciences examining the molecular changes of burns and trauma). The system utilized by the Parkland Group to evaluate changes in burn patients should also be evaluated. 51, 52 F. Rationale. These two MODS scoring systems were chosen for several reasons. First, they are the ones most commonly used and both have been validated in subsequent ICU patient based studies. 47, 53, 54 Additionally, a modified version of the Marshall MODS score has been used in burn patients. 51, 52 Secondly, each of these systems is simple to use and the parameters are easily obtained clinically. Because there is more experience in burns with the Marshall MODS scoring system, it was chosen. 7. Unresolved issue 1. Both the Marshall MODS score and the Sequential Oxygen Failure Assessment system use the Glasgow coma score to assess neurologic function. Although the Glasgow coma score added robustness to the overall accuracy of both of these scoring systems, its measurement can be subjective. Therefore a decision has to be made whether this component of the scoring systems is retained. 8. Unresolved issue 2. Depending on how the score is to be used, it may be worthwhile to measure the score over time. If this is done, the score should represent the maximum daily score (ie, the overall worst score). Rationale for a daily score is that this reflects the status of the patient on that day and this could be easily used for enrollment in clinical trials. Rationale for worst cumulative score is that different organs fail at different times and it is the cumulative insult that is important in determining the prognosis of individual patients as well as patient populations. Rationalization. We concur with the findings of several previous consensus conferences on pneumonia 3,55-57 except that sepsis has been redefined to fit burn patients (see section on Sepsis). There have been papers that have supported these findings in the diagnosis of pneumonia in burn patients. First of all, the group from United States Army Institute of Surgical Research found that there was an increased risk of pneumonia in patients with inhalation injury. 58 The group from Galveston (Shriners Hospital) examined the accuracy of different methods for isolating bacteria from burn patients with pneumonia. [59] [60] [61] Ramzy, in 2003, reported on the correlation of BAL and chest x-ray findings in pediatric burns. 59 A cut off for positive BAL was chosen at 10 3 . The usual positive threshold for positive BAL in other (nonburn) patients is 10 4 . In this study 80% of the burn patients with inhalation injury had a positive BAL for pneumonia at some time during their hospitalization. The published rate of pneumonia in burn patients with inhalation injury was 38%. 58 This suggests a large number of false positive results. Radiologic abnormalities were evenly distributed between both the BAL positive and BAL negative groups. The conclusion includes the following: "BAL is the best currently available tool and has been useful in directing antimicrobial therapy. It is of paramount importance that the clinician remains vigilant and assimilates BAL findings in the context of the overall clinical picture." Barrett in 1999 looked at BAL vs. PBB sensitivity/specificity for pneumonia diagnosis in pediatric patients with autopsy cultures as the standard for comparison. 60 There was no difference between BAL and PBB. In addition, there was a striking lack of identification of pneumonia both clinically and microbiologically. The premorbid clinical diagnosis of pneumonia was made with the following criteria: SIRS, a positive x-ray, and a sputum sample with pathogenic microorganisms and WBC. Heggars in 1998 looked at culture results of BAL and burn wounds in pediatric patients. About half the time the same organism was found at both sites. 61 In this study BAL was performed for surveillance so no conclusions about the diagnosis of pneumonia can be drawn.
Pneumonia
Wahl in 2005 reported on BAL in the diagnosis of ventilator-associated pneumonia (VAP) in burn patients. 62 A prospective examination compared with historical controls demonstrated a reduction of 21% in the diagnosis of VAP clinically when revised after BAL results returned negative (Յ10 4 cfu). The negative BAL prompted the stopping of antibiotics started for clinical suspicion. None of the six study patients required the reinstitution of antibiotics based on clinical grounds, and there was no other significant change in study endpoints. Pham in 2007 reported on the Clinical Pulmonary Infection Score (CPIS) predicting pneumonia in burn patients. 63 The standard for pneumonia diagnosis was a BAL result of Ն10 4 cfu. The standard parameters for calculating the CPIS were used. The CPIS sensitivity was 30% with a specificity of 80% using the above definitions. It was theorized that low sensitivity could be attributed to a low calculated CPIS from the presence of Acute Respiratory Distress Syndrome in the group of patients. They concluded that, "CPIS poorly predicts VAP in burn patients and that VAP diagnosis should still rely on clinical suspicion verified by quantitative culture results."
Blood Stream Infection
One of two criteria must be met for a blood stream infection (BSI)
1. Patient has a recognized pathogen (defined as a microorganism not usually regarded as a common skin contaminant, ie, diphtheroids, Bacillus species, Propionibacterium species, coagulase-negative Staphylococci, or micrococci) cultured from two or more blood cultures, or one positive blood culture, in the presence of sepsis (as defined above). 2. Patient has a common skin contaminant cultured from two or more blood cultures drawn on separate occasions (including one drawn by venipuncture) and the patient has clinical signs of sepsis. If the microbe cultured from the blood has not caused an infection at another site on the patient, then the BSI is termed a primary BSI. If the microorganism cultured from the blood has caused infections at other sites on the patient, then the BSI is termed a secondary BSI.
There are instances when some of these criteria may not apply
• Culture techniques may miss infections 3 Their definition requires that a microorganism be recovered from the bloodstream to confirm the diagnosis. This is similar to the definition of "laboratoryconfirmed BSIs" published in 1988 64 by the Centers for Disease Control and Prevention (CDC) in Atlanta.
We require at least one positive blood culture to confirm a BSI in a burn patient. We recognize it is possible to have, as with all laboratory tests, a false negative result, especially if the patient is receiving antimicrobial agents or the levels of microbes in the blood are low. Conversely, false positive culture results can occur if the blood was contaminated during the blood draw. Also, manipulation of a patient, for example during a dressing change, could cause a transient, but not clinically relevant, bacteremia. The definition requires two or more blood draws and that signs of sepsis be present. This should reduce the possibility of misidentifying a BSI in the burn patient. Specific techniques to decrease the incidence of a false positive or a false negative blood culture result are included in the Appendix.
Catheter-Related Infection
A central venous catheter is a vascular access device that terminates close to the heart or in one of the great vessels in the venous system.
A central venous catheter should be considered the source of an infection if one is in place at any time in the 48 hours before the infection occurs, even if said catheter has been removed in the intervening time period. Any patient who has signs of an infection or sepsis, and has the central venous catheter removed, with no other documented source of infection, and the signs resolve with 24 hours after removal, should be considered to have had an infection originating with the catheter.
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Localized Catheter Colonization. This is the significant growth of a microorganism (Ͼ15 colonyforming units) from the catheter tip, subcutaneous segment of the catheter, or from the catheter hub.
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Exit Site Inflammation. Any erythema or induration that occurs within 2 cm of the catheter exit site is, by this definition, not an infection. 67 No bloodstream infection, signs of sepsis, or localized purulence may be present.
Exit Site Infection. Tenderness, erythema, or undue induration more than 2 cm from the catheter exit site is an exit site infection. 68 Also, purulence or necrosis at the exit site is an exit site infection. These both assume absence of a blood stream infection or signs of sepsis.
Central Venous Catheter Infection. For the diagnosis of Central Venous Catheter Infection (CVCI), the following will be required Any bacteremia or fungemia in a patient with an intravascular catheter with the microbial growth from at least one blood culture obtained from a vein or artery separate from the catheter site, clinical signs of infection (as noted elsewhere), and no other documented source of the infection or one of the following:
1 Rationalization. Central venous catheters remain a source of infection in burn patients. They are often a source of bacteremia and sepsis. An approach needs to be applied that is inclusive of all infections that could be from the catheter. Central venous catheters that are in place when a suspected or documented infection is present, by these definitions, should be treated as infected catheters for all clinical purposes. A stricter definition, requiring the infection to be documented, should be used for research protocols.
Central venous catheters have become a mainstay of therapy in burn care. They have also become a primary source of infection and sepsis in the burn patient, with rates of infection sometimes exceeding 20 catheter-related blood stream infections per 1000 catheter days, 74 as defined by the CDC 64 and the National Nosocomial Infection Surveillance System. 75 Due to the high rate of bacteremia and bloodstream contamination in burn patients, there is a dilemma as to how many of the infections that are attributed to central venous catheters truly are central venous catheter infections. 76, 77 The reality and nomenclature of infections associated with central venous catheters in burn patients thus has the potential to be confusing. A simplified mechanism of description is therefore offered, with a detailed description of the methods of diagnosis.
Conclusions. A fairly strict set of definitions should be used to define an infection as a CVCI, but any infection in a burn patient should be considered to be from the central venous catheter until proven otherwise. Any catheter fitting the aforementioned definitions is infected. The noted diagnostic tests should be run, and infections treated according to the organism and patient, but in all cases of suspected CVCI or exit site infection the catheter should be removed and new access sought. These definitions do not preclude existing surveillance definitions, but those definitions are inadequate in the burn patient population and this refinement allows a more directed approach to infections attributable to central venous catheters in burn patients. 
Burn Wound Infection
Rationalization.
A key point is that all skin surfaces and wounds have bacteria present. The presence of bacteria alone does not indicate an infection. The patient/bacterial interaction is a more important factor than the presence of bacteria. The wound needs constant surveillance since the major method of detecting an infection is from observing a significant change in the wound appearance. The changes may be subtle but any change should prompt further investigation. The wound may change color, have increased exudate, have increased pain or appear to increase in depth. The classic definition suggests that there is early separation of the burn eschar. An eschar is the tough coagulated protein covering a deep burn. Superficial burns develop an exudate [scab] that forms from fibrin, cellular debris, and the residue of topical antimicrobial agents. This sometimes called pseudoeschar. The normal process of eschar separation is the result of bacteria digestion of nonviable tissue away from the underlying viable tissue. Early separation indicates an invasive infection. Today, early separation is rare because most burn surgeons excise a deep burn followed by skin grafting long before bacterial invasion. [78] [79] [80] [81] [82] A frequent burn wound colonizer, Pseudomonas aeruginosa, tends to produce a yellow/green exudate. 83 This is not an invasive infection. Invasive Pseudomonas is a surgical emergency. This invasive infection produces purple-black and "punched-out" areas of the wound. The invasion frequently destroys both deep and superficial wounds. Split-thickness donor sites and even unwounded skin are sometimes involved. The patient has severe signs of sepsis. Treatment involves both systemic antibiotics and injection (clysis) of antibiotics beneath the wound. Most importantly, these wounds need aggressive surgical debridement and excision.
Other pathogens in addition to bacteria can cause disease. Yeast and molds are significant causes of burn wound invasion. 84 -86 In a superficial wound, Candida may present with small papules of purulence. Aspergillus is manifested as gray-brown plaques that can be scooped out of the wound. Herpes simplex is a not uncommon cause of breakdown in a superficial wound where it is characterized by punched out lesions in the wound.
Urosepsis
Modified CDC criteria 3,64. 1. One of the following: fever (Ͼ39.5°C and no other source of the fever), urgency, frequency, dysuria or suprapubic tenderness, and a urine culture Ն10 5 cfu/ml (cfu ϭ colony forming units) with no more than two species of organisms or 2. Two of the following: fever (Ͼ39.5°C), urgency, frequency, dysuria or suprapubic tenderness, and any of the following: a. positive dipstick for leukocyte esterase and/or nitrate b. pyuria (Ն10 WBC/l or Ն3 WBC/ high-power field of unspun urine) c. organisms seen on Gram stain of unspun urine d. two urine cultures with repeated isolation of the same uropathogen with Ն10 2 cfu/ml in a nonvoided specimen e. two urine cultures with Յ10 5 cfu/ml of single uropathogens in a patient being treated with appropriate antimicrobial therapy.
Rationalization. Urosepsis is not a major contributor to sepsis in the burn population. 87 It should be sought out as a source of high fever and systemic signs of sepsis. Most burn patients have Foley catheters in place to monitor urine output. Thus, the bladder is usually empty, so stasis, a key factor in urosepsis, is usually not present. The presence of the foreign body (Foley catheter) also makes the interpretation of positive cultures difficult. Treatment of a positive urine culture first involves changing the Foley catheter. These positive findings are usually treated with antibiotics. A more challenging problem is candiduria. It is not uncommon to find candida in the urine of burn patients. The finding of Ͼ10 4 cfu/ml, sepsis and no other source of infection may prompt an action. Sometimes, changing the Foley is all that is needed. Occasionally, antimicrobial treatment is initiated. The correct treatment is unknown.
CONCLUSION
This symposium is the first attempt to create standard definitions for sepsis and infection in the unique burn population. The major goal is to publish definitions so that future research can be performed using criteria agreed upon by all participants. By having standard definitions, future studies will have greater relevance to all burn centers. It is expected that multicenter trials will clarify and refine these definitions over time. For now, standardized definitions will allow for consistent diagnoses of infection and sepsis and facilitate multicenter trials in burn patients.
APPENDIX 1 APPENDIX 2
Additional Information About Blood Stream Infections
Techniques for Culturing Patients Receiving Antimicrobials. Antimicrobials decrease the number and/or growth rate of microbes. Therefore, whenever possible, blood samples should be drawn before the patient is placed on antimicrobial therapy. If this is not possible, then a blood culture system designed to remove or inactivate antimicrobials from the blood sample should be used. Consult your in-house or reference microbiology laboratory for recommendations regarding these commercially available containers.
Comments About Blood Culturing
The following techniques are suggested to reduce the incidence of false negative or false positive blood culture results. A false negative result is more likely if there are few microorganisms in the bloodstream. The larger the blood sample, the greater will be the possibility of detecting the microbe. 88 -92 Clearly there is a limit to the blood volume that can safely be drawn, especially from children. Kellogg et al 92 established that a maximum of 4.0 to 4.5% of the patient's total blood volume can safely be taken. Table 3 lists the suggested blood specimen volume for cultures from infants to adults, based on weight. None of the total volumes exceed 3% of the patient's blood volume. Whenever possible, the frequency of repeat cultures should be limited to prevent iatrogenic anemia. Studies in adults have also shown that the recovery of microorganisms from the blood is increased when more than one blood sample is obtained. 93 Table 4 summarizes the results of three studies that were conducted with adults who were bacteremic or fungemic. 94 -96 These studies suggest that at least two, but not more than four blood specimens, should detect most common organisms in the blood. Optimally these draws should be from more than one site, and specimens obtained by venipuncture are preferable to those from indwelling lines. Specimens from at least two separate sites are recommended, because multiple draws increase the sensitivity of the assay, and reduce the risk of contamination as a confounding factor.
We presume that the levels of bacteria in blood are not constant. Blood samples should be obtained when signs of sepsis are found, and preferably before antimicrobials are started. In 1988 the American Society for Clinical Pathologists recommended that cultures be taken consecutively if the patient is critically ill and needs to be placed on antimicrobials immediately; otherwise, they arbitrarily recommended 30 to 60 minutes between draws. 97 However, Li el al. have shown no difference in the detection of bloodborne microbes when multiple blood samples were taken synchronously vs. when an interval of an hour or two was used between cultures. 91 
